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Introduction: 


Many  lines  of  evidence  suggest  that  p27KIP1,  a  CDK  inhibitor,  serves  as  an 
excellent  and  a  novel  prognostic  marker  for  breast  cancers.  Loss  or  low  levels  of  p27  are 
closely  associated  with  poor  prognosis  in  breast  cancer  patients.  The  inverse  relationship 
between  the  levels  of  p27  and  tumor  malignancy  has  also  been  observed  in  prostate,  lung, 
gastric  and  colorectal  cancers.  p27  is  a  major  cell  cycle  regulator  for  the  G1  progression 
towards  the  S-phase.  The  levels  of  p27  are  primarily  regulated  by  its  protein  stability 
during  cell  cycle  progression.  Phosphorylation  on  Thrl87  of  p27  is  required  for  its 
ubiquitin-dependent  proteolysis.  Consistently,  abnormally  enhanced  p27  degradation  has 
been  found  to  associate  with  aggressively  growing  tumors.  Our  proposal  is  based  on  our 
novel  findings  that  a  ubiquitin  E3  ligase  complex,  SCFSKP2  (SKP1,  CUL-1,  F-box/SKP2), 
specifically  binds  to  the  Thrl87-phosphorylated  p27  and  targets  it  for  ubiquitin-dependent 
proteolysis.  We  also  found  that  SKP2,  the  SCF  component  that  specifically  binds  to  the 
phosphorylated  p27,  is  highly  induced  in  many  transformed  cells  and  expression  of  SKP2 
induces  p27  degradation  in  vivo.  Our  discovery  thus  identifies  SCFSKP2  as  a  unique  and 
novel  p27  regulatory  complex  that  is  likely  to  be  altered  in  breast  cancers.  We  propose  to 
determine  whether  SCFSKP2  is  induced  in  breast  cancers  and  whether  such  an  alteration 
correlates  with  low  levels  of  p27  associated  with  poor  survival.  We  are  devising  novel 
strategies  to  target  the  SCFSKP2-mediated  proteolytic  degradation  of  p27  for  breast  cancer 
therapy.  Our  investigations  should  reveal  novel  insights  into  the  regulation  of  p27  levels 
in  breast  cancers  and  also  identify  the  SCFSKP2  complex  as  a  potentially  novel  prognostic 
marker  as  well  as  a  novel  therapeutic  target  for  breast  cancer  therapy. 


Body: 

Objective  1: 
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We  have  proposed  to  determine  the  relationship  between  SCFSKP2  and  p27  in 
primary  breast  cancers.  We  are  using  specific  rabbit  polyclonal  antibodies  against  SKP2, 
p27  and  other  components  of  SCFSKP2  complex  to  determine  whether  there  is  an  inverse 
relationship  between  the  levels  of  p27  and  SKP2  using  immunohistochemistry  in  breast 
cancer  samples.  So  far,  we  have  used  the  rabbit  antiserum  to  direct  stain  the  breast  cancer 
samples  but  high  background  was  observed.  To  overcome  this  problem,  we  have  affinity 
purified  some  of  the  antisera  against  SKP2,  p27  and  other  components  of  SCFSKP2 
complex,  CUL-1,  and  SKP1  to  determine  whether  these  procedures  help  to  reduce  the 
background.  The  work  is  in  progress. 


Objective  2: 

We  also  proposed  to  characterize  the  determinants  on  p27  and  SKP2  for  their 
interaction.  We  have  made  mutant  p27  peptides  which  contain  altered  amino  acid 
residues  around  phospho-threoninel87  in  p27  which  mediates  SKP2  interaction.  We 
found  that  prolinel88  is  essential  for  this  interaction.  We  are  trying  to  determine  the 
domain  and  the  determinants  on  SKP2  that  mediate  SKP2  interation  with  p27.  We  have 
made  various  deletion  mutants  of  SKP2  on  its  region  immediate  downstream  of  the  F-box 
and  seven  leucine-rich  repeats,  which  appear  to  be  responsible  for  p27  binding.  These 
mutant  proteins  and  wildtype  SKP2  were  in  vitro  transcribed  and  translated.  They  were 
used  for  the  in  vitro  binding  to  phosphorylated  p27  peptide.  These  studies  are  underway. 
However,  the  binding  affinity  of  these  proteins  synthesized  in  the  programmed  rabbit 
reticulocyte  lysates  was  not  very  high  as  compared  with  the  HeLa  cell  lysates  .  It  was 
recently  found  that  CKSl/p9,  a  protein  we  found  previously  to  complex  with 
SKPl/SKP2/cyclin  A/CDK2  (1),  helps  SKP2  to  bind  to  p27  (2,  3).  We  have  made  GST- 
CKS1  protein  and  are  examining  whether  the  inclusion  of  CKSl/p9  helps  the  binding  of 
SKP2  and  its  mutant  proteins  to  p27. 

Objective  3: 

We  try  to  directly  deliver  the  p27  peptide  or  SKP2  peptide  into  breast  cancer  cells 
to  see  whether  they  induce  p27  accumulation  and  inhibit  breast  cancer  cell  proliferation. 
These  experiments  are  underway  since  we  need  to  map  the  shortest  peptides  first  (see 
above)  to  design  the  inhibitory  peptides.  However,  recently  it  has  been  shown  that  the 
expression  of  many  proteins  can  be  silenced  using  the  double-stranded,  short  RNA 
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oligonucleotides  (21  nucleotide  in  length).  We  are  currently  using  this  method  to  silence 
the  expression  of  SKP2  in  breast  cancer  cells  to  determine  whether  it  causes  p27 
accumulation  and  inhibits  cell  proliferation. 
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Key  research  achievements: 

We  have  affinity  purified  the  antibodies  for  the  immunohistochemistry  on  the 
breast  cancer  samples.  We  have  made  various  mutants  of  SKP2  to  map  its  binding  sites 
for  p27. 
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Reportable  outcomes: 

Works  are  still  in  progress.  No  reportable  outcomes  yet  for  publication. 


8 


Conclusions: 


We  have  found  that  proline  188  in  p27  is  important  for  p27  interaction  with  SKP2. 
This  suggests  that  SKP2  binding  to  p27  is  highly  specific  and  this  interaction  is  not  just 
dependent  on  the  phosphorylated  threonine  187.  This  finding  will  be  incorporated  into  the 
consideration  in  designing  the  peptide  inhibitor  for  breast  cancer  cells.  Other  works  are  in 
progress  to  eliminate  the  background  for  immunohistochemical  analysis  in  breast  cancer 
samples  and  to  map  the  interaction  motifs  for  p27  and  SKP2  interaction. 
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